AERODYNAMIC DESIGN AND ANALYSIS OF A HIGHLY LOADED TURBINE EXHAUST 

VOLUTE MANIFOLD 
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MSFC Turbine Stage Technology Team 
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Enhanced design / analysis tools available for future application 



Volute Design Process Outline 



Advanced Concept Volute Geometry 












Exhaust Volute Manifold Design Requirements 
High Turbine Stage Loading Creates Challenging Goals 
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Meanline Analysis 

First Pass Estimate of Geometry and Performance 
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Parametric Studies 

- Performance Optimization and Sensitivity 


Geometry and Mesh Generation 

Rules Based Design Program Used To Create Volute Geometry 




Exhaust Manifold 3D Flow Analysis 
Inlet Boundary Condition Sensitivity Assessment 
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Baseline Volute 3D Flow Analysis 
Circumferential Static Pressure Distribution 
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Circ. Position (deg.) 



Integrated CFD Modeling of Components 

Circumferential Static Pressure Distribution at Turbine / Exhaust Man. Interface 
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Circ. Position (deg.) 






Baseline Volute 
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Integrated CFD Modeling of Components 

Computational Mesh for inlet Volute, Turbine Stage and Exhaust Manifold 



I 

| 

i 


1546 



Time Accurate 3D Turbine Stage Flow Analysis 
Euler (w / shear), 20 Vanes, and 42 Blades 






Integrated Time Accurate CFD Modeling of Components 
Turbine Stage (20 vanes, 42 Blades) and Exhaust Manifold (42 Elements) 



o. 

o 


1548 


Circ. Position (deg.) 




Time Accurate 3D Turbine Stage Flow Analysis 

Euler (w / shear), 20 Vanes, and 42 Blades 
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Circ. Position (deg.) 




Integrated Time Accurate CFD Modeling of Components 
Turbine Stage (20 Vanes, 42 Blades) and Exhaust Manifold (36 Element 
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Circ. Position (deg.) 



Integrated Time Accurate CFD Modeling of Components 

Turbine Stage (20 vanes, 42 Blades) and Exhaust Manifold (42 Elements 
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Circ. Position (deg.) 



Integrated T ime Accurate CFD Modeling of Components 

Turbine Stage (20 Vanes, 42 Blades) and Exhaust Manifold (42 Elements) 
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Aero Design and Analysis of a Highly Loaded Turbine Exhaust Volute Manifold 


>- 

a: 

< 





a> 




4-» 

3 

o 


■ 

x 


c 

o 

wmmm 

0 


> 


IU 


o 

2 

O 

C 

0 

E 

k. 

o 


£ 

£ 

CL 

0 


0 

o> 

3 

CO 


£ 

c 

£ 

t : 
0 
0. 


O 

c 

o 

o 


0 

c 

IM 

A 

L- 

o> 

c 

IB 

c 

3 

o 

> 

1 

■o 

0 


"O 

0 

o 


3 

c 

3 

a: 

1 

0 

C 

IB 

c 

0 


c 

0 

> 


O 

© 

o 6 

"O 

A 

k. 

3 

Q 


"D 


•u 

0 

H 

& 

0 


< 

c 

o 


o 

S 

Q 

4-* 

o 

3 

0 

O) 

i_ 

0 

E 


■D 


U. 

0 


o 

CD 

o 

0 

0 

3 

O 

o 


O 

c 

o 

£ 

O 

a> 

+■> 

LL. 

CO 

S 


Q 

CO 

0 

o 

-o 

O 

CO 

3 

O 

> 

o 

CO 

c 

o 

*BB 

u. 

£ 

o 

z 

4 -» 

c 

0 

E 

0 

2 

3 

O 

o 

£ 
■ ■B 

c 

0 

2 

£ 

"5 

0 

0 

c 

■ ^B 

CO 

0 

> 

< 

0 


*0 

CO 

3 

CO 

t 

o 

o 

Q. 

0 

E 

■ MB 

4 -* 

3 

k. 

CO 

> 


E 

o 

0 

m 

LU 

LU 

1- 

> 

LU 

• 


• 


• 


• 


1553 


Results To Be Utilized In Advanced Concept Definition 



